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 ABSTRACT 
 Background: Many interventions aimed at improving the quality of antibiotic prescribing have been investigated, but more 
knowledge is needed regarding the impact of diﬀ erent intensity interventions. 
 Objectives: To compare the eﬀ ect of two interventions, a basic intervention (BI) and intensive intervention (II), aimed to improve 
the adherence to recommendations on ﬁ rst-line antibiotics in patients with respiratory tract infections (RTIs). 
 Methods: General practitioners (GPs) from diﬀ erent regions of Spain were oﬀ ered two diﬀ erent interventions on antibiotic 
prescribing. They registered all patients with RTIs during 15 days before (2008) and after (2009) the intervention. GPs in Catalonia 
were exposed to BI including prescriber feedback, clinical guidelines and training sessions focused on appropriate antibiotic 
prescribing. The other group of GPs was exposed to an II, which besides BI, also included training and access to point-of-care tests 
in practice. 
 Results: The GPs registered 15 073 RTIs before the intervention and 12 760 RTIs after. The antibiotic prescribing rate reduced from 
27.7% to 19.8%. Prescribing of ﬁ rst-choice antibiotics increased after the intervention in both groups. In the group of GPs following 
the BI, ﬁ rst-line antibiotics accounted for 23.8% of antibiotics before the intervention and 29.4% after (increase 5.6%, 95% conﬁ dence 
interval (CI): 1.2 – 10%), while in the group of GPs following the II these ﬁ gures were 26.2% and 48.6% (increase 22.4%, 95% CI: 
18.8 – 26%), respectively. 
 Conclusion: Multifaceted interventions targeting GPs can improve adherence to recommendations for ﬁ rst-line antibiotic prescribing 
in patients with RTI, with intensive interventions that include point-of-care testing being more eﬀ ective. 
 Keywords:  Respiratory tract infections ,  antibiotics ,  intervention ,  guideline 
 INTRODUCTION 
 Overuse of antibiotics, in general, has contributed to 
the development of antimicrobial resistance (1). Non-
indicated use of antibiotics is further related to unnec-
essary exposure to adverse eﬀ ects, increased costs 
and patient re-consultations (2,3). The vast majority of 
antibiotics are used by outpatients, mainly for respiratory 
tract infections (RTIs). For improving antibiotic use, 
general practitioners (GPs) are the main target for 
intervention. Many guidelines have been published for 
GPs on the appropriate treatment of RTIs. However, 
implementing guidelines into daily clinical practice is 
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 KEY MESSAGE: 
 The more intensive an intervention aimed at improving the prescription of ﬁ rst-line antibiotics for respiratory  •
tract infections is, the more eﬀ ective it is. 
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hampered by factors that include educational, admin-
istrative, personal, economic, and patient behaviour 
(4 – 6). 
 Several strategies have been developed to improve 
drug use in the community with controversial results 
(7 – 9). In general, interventions based on multiple ini-
tiatives have been found to be more eﬀ ective than 
those focusing on only one initiative. According to a 
Cochrane review, interventions aimed at reducing 
overall antibiotic prescribing are less eﬀ ective than 
those aimed at increasing the use of ﬁ rst-choice anti-
biotics (7). However, other reviews have reported the 
opposite (8). In general, multifaceted interventions 
have been associated with an average increased pre-
scribing of ﬁ rst-choice antibiotics of approximately 
10% (8,9). During the last decades, the use of broad-
spectrum antibiotics has considerably increased in 
many countries, with amoxicillin-clavulanate and 
amoxicillin as the antibiotics most frequently pre-
scribed by GPs in Spain (10,11). In the United States, 
Steinman et  al., found that broad-spectrum antibiotics 
were prescribed in more than half of all cases of acute 
RTIs in adults, and that prescribing of these agents var-
ied widely among GPs (12). There is great concern due 
to the increased use of broad-spectrum antibiotics and 
the accompanied increase in the rate of antimicrobial 
resistance (13,14). Thus, quality indicators have been 
developed to limit the use of second-line and alterna-
tive antibiotic treatments (15). 
 The Happy Audit project, an acronym for Health 
Alliance for Prudent Prescribing, Yield and Use of 
Antimicrobial Drugs in the Treatment of respiratory 
tract infections, was a study ﬁ nanced by the European 
Commission. The main objective was to strengthen the 
surveillance of RTIs in primary health care through the 
development of intervention programmes targeting 
GPs and changing people ’ s habits towards prudent use 
of antimicrobial agents (16). The study involved GPs 
and patients from six countries (Denmark, Sweden, 
Lithuania, Russia, Spain and Argentina). In the present 
study, focus was on the Happy Audit results from 
Spain, one of the highest antibiotic consuming coun-
tries in Europe. The Spanish GPs were allocated to two 
diﬀ erent interventions to investigate the adherence to 
recommendations for ﬁ rst-line antibiotics in patients 
with RTI. One group of GPs followed a basic interven-
tion focusing on prescriber feedback to the GPs, guide-
lines for antibiotic prescribing and training courses. 
Another group followed a more intensive intervention 
consisting of the basic intervention plus training 
courses in point-of-care tests (Strep A and C-reactive 
protein) and access to point-of-care tests in practice. 
The objective of the study was to compare the eﬀ ect 
of these two interventions on the adherence to recom-
mendations for ﬁ rst-line antibiotic prescribing in 
patients with RTIs. 
 MATERIAL AND METHODS 
 Study design 
 GPs from diﬀ erent autonomous regions in Spain were 
included and exposed to two diﬀ erent interventions. 
For details about material and methods, we refer to the 
protocol published in BMC Family medicine (16). Brieﬂ y, 
the GPs registered all contacts due to symptoms of RTIs 
during 15 days in January and February 2008 (pre-
intervention) by ﬁ lling out a template containing the 
following variables: age, sex, days of symptoms before 
encounter, signs and symptoms, suspected aetiology, 
assumed diagnosis, prescribed antibiotic, potential 
allergy to penicillin, antibiotic prescribed, GP ’ s percep-
tion of patients ’ demand for antibiotics, and potential 
referral to hospital. For both intervention groups, all 
the participating GPs received individual prescriber 
feedback based on their own registrations. All GPs par-
ticipated in training courses focusing on appropriate 
antibiotic prescribing and they received guidelines for 
diagnosis and treatment of RTIs, posters for waiting 
rooms and patient information brochures. GPs allo-
cated to the intensive intervention group were also 
invited to participate in workshops on point-of-care 
testing  – rapid antigen detection tests for group 
A  β -haemolytic streptococcus antigen and C-reactive
 protein rapid test  – and they were provided access to 
both point-of-care tests in the consultation. GPs from 
Catalonia were oﬀ ered the basic intervention (basic 
intervention group) as described above, while GPs from 
the rest of Spain were oﬀ ered the intensive interven-
tion (intensive intervention group), including access to 
point-of-care test in practice. 
 Guidelines on RTIs were based on the current evi-
dence of best quality of antibiotic prescribing in patients 
with RTIs (Table 1). Training courses included a quiz on 
antibiotic use at the start of the session, a presentation 
by one of the local GP opinion leaders in infectious dis-
eases, and an interactive group discussion based on 
several relevant cases from general practice. The two 
principal messages given were to avoid the use of 
antibiotics for suspected viral respiratory infections, 
such as the common cold, inﬂ uenza, and acute bronchi-
tis (17 – 20); and, when the decision on antibiotic 
prescribing was taken, to choose the recommended 
ﬁ rst-line antibiotic according to the Happy Audit 
guidelines. Penicillin V was recommended as ﬁ rst-choice 
antibiotic for treatment of suspected streptococcal 
pharyngotonsillitis and amoxicillin was recommended 
for treatment of lower RTIs suspected to be caused by 
pneumococcal infections in patients otherwise not aller-
gic to  β -lactams (21 – 23). Amoxicillin-clavulanate was 
only considered as ﬁ rst-choice antibiotic in patients with 
acute exacerbations of chronic bronchitis or chronic 
obstructive pulmonary disease and in patients over 65 
years with pneumonia (24,25). 
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 Outcomes 
 The primary outcome measure was the proportion of 
patients with RTIs treated with ﬁ rst-line antibiotics 
before and after the two diﬀ erent interventions. Second-
ary outcome measures were the proportion and the pat-
tern of antibiotic prescribing for diﬀ erent RTIs before 
and after the intervention. 
 RESULTS 
 Out of a total of 309 primary care physicians who per-
formed the ﬁ rst registry in 2008, 281 completed the 
intervention and the second registry (90.9%), of which 
210 were assigned to the basic intervention group and 
71 to the intensive intervention group (Figure 1). A total 
of 11 686 patients were male, being slightly greater in 
the basic intervention group (45.1% before the interven-
tion and 44.7% after versus 40.9% in the intensive inter-
vention group before and 40.7% after). The mean age of 
the whole population was 44.8 years, being slightly 
greater in the intensive intervention group (46 before 
and 45.5 after) than in the basic intervention group (43.1 
before and 42.5 after). The mean number of days with 
prior symptoms was also greater in the intensive inter-
vention group (4.3 days before the intervention and 4.4 
after) than in the basic intervention group (3.7 days 
before and 3.8 days after). GPs registered a total of 15 073 
RTIs before the intervention (2008) and 12 760 after the 
intervention (2009). The infections most commonly 
reported were common cold (11 190 cases, 40.2%), fol-
lowed by pharyngotonsillitis (6105 cases, 21.9%) and 
acute bronchitis (3286 cases, 11.8%). A total of 474 
patients presented allergy to  β -lactams (1.7%). 
 The antibiotic prescribing rate for all patients and 
both groups of GPs included reduced from 27.7% (95% 
CI: 27.0 – 28.4%) before the intervention to 19.8% (95% CI: 
19.1 – 20.5%) after the intervention, a reduction of 7.9% 
(95% CI: 6.9 – 8.9%) (Table 2). This reduction was greater 
among GPs assigned to intensive intervention than among 
clinicians assigned to basic intervention (10.9% versus 
0.5%). The type of antibiotic most commonly prescribed 
was amoxicillin-clavulanate, accounting for 35.8% of all 
the antibiotics prescribed, followed by amoxicillin (28.8%) 
(Table 3). Amoxicillin-clavulanate was the most frequently 
used antibiotic in both groups of GPs before the interven-
tion, but after the intervention amoxicillin was the pre-
ferred antibiotic (34.7%) among GPs belonging to the 
basic intervention group. The choice of narrow spectrum 
penicillin (penicillin V) increased signiﬁ cantly after the 
intervention in both groups, but the highest increase was 
found among GPs assigned to the intensive intervention 
(from 5.3% in 2008 to 16.4% in 2009) (Table 3). 
 An improvement in the adherence to recommenda-
tions for appropriate antibiotic prescribing of RTIs was 
observed in both groups of GPs. As shown in Table 4, 
prescribing of ﬁ rst-choice antibiotics increased among 
GPs in the basic intervention group from 23.8% to 
29.4%, (increase 5.6%; 95% CI: 1.2 – 10%) and in the 
intensive intervention group from 26.2% to 48.6%, 
(increase 22.4%; 95% CI: 18.8 – 26%). Table 4 shows the 
antibiotic prescribing rates and percentage of ﬁ rst-line 
antibiotics for diﬀ erent types of RTIs before and after 
intervention. The highest increase in ﬁ rst-line antibiotic 
prescribing was found in patients with pharyngotonsil-
litis, and mainly in the group of GPs exposed to intensive 
intervention. In the group of GPs allocated to intensive 
intervention, the percentage of patients treated with 
 Table 1. Antibiotics recommended in diﬀ erent respiratory tract infections. 
Infection
First-line antibiotic recommended 
in non- β lactam allergy Observations
Common cold None If suspicion of acute bacterial rhinosinusitis a CRP rapid test can be 
performed
Acute pharyngitis and 
tonsillitis
Penicillin V RADT recommended in patients with two or more Centor Criteria. Treat 
with antibiotics if RADT test is positive
Acute rhinosinusitis Amoxicillin Antibiotics usually not needed unless seriously ill patient, typical 
symptoms (pain, purulent nasal secretion) for more than 10 days, 
signiﬁ cant pain in face or upper teeth or deterioration after ﬁ ve days
Acute otitis media Amoxicillin Antibiotics not recommended except in children below two years of age, 
purulent otorrhoea, bilateral infection, or seriously ill patients
Acute bronchitis None CRP is recommended in case of doubt.
Exacerbation of CB/COPD Amoxicillin-clavulanate Antibiotics are recommended if presence of increased dyspnoea, 
increased sputum production and increased purulence
Pneumonia Amoxicillin in patients aged    65 
years; amoxicillin-clavulanate in 
older patients
Prompt treatment recommended
Inﬂ uenza None
 CRP, C-reactive protein; RADT, rapid antigen detection test; CB, chronic bronchitis; COPD, chronic obstructive pulmonary disease. 
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group of GPs exposed to intensive intervention penicil-
lin V was the preferred antibiotic (prescribing rate 
11.1%). The choice of ﬁ rst-line antibiotics also improved 
after the intervention in patients with acute otitis and 
acute sinusitis, but no signiﬁ cant diﬀ erence was found 
between the two groups of intervention (Table 4). For 
the recommended antibiotic (penicillin V) increased 
from 16.3% (95% CI: 14 – 18.7%) before to 53.5% (95% 
CI: 48.9 – 58.2%) after the intervention. In the group of 
GPs exposed to basic intervention amoxicillin and amox-
icillin-clavulanate were the dominating antibiotics used 
(prescribing rate 22% and 9.1%, respectively) and in the 
235 General practitioners were
invited to participate in the study
224 General practitioners accepted
to participate in the study
21 Physicians did not
wish to participate
224 General practitioners completed
the registries in the first year, 2008
INTENSIVE INTERVENTION GROUP BASIC INTERVENTION GROUP
97 General practitioners were
invited to participate in the study
87 General practitioners accepted to
participate in the study
10 Physicians did not
wish to participate
2 Physicians did not
fill out the registries
71 General practitioners undertook the
intervention and completed all the
registries in the second year, 2009
14 Physicians did not
complete the
intervention
210 General practitioners undertook
the intervention and completed all the
registries in the second year, 2009
85 General practitioners completed
the registries in the first year, 2008
14 Physicians did not
complete the
intervention
19 982  Respiratory tract infections
included in both years
7851  Respiratory tract infections
included in both years
 Figure 1. General scheme of the study. 
 Table 2. Number and type of antibiotics prescribed by the 281 GPs who completed both registries, before and 
after the intervention. 
Before the 
intervention
After the 
intervention Total
Type of antibiotics  n %  n %  n %
Antibiotics prescribed
Penicillin 188 1.2 309 2.4 497 1.8
Amoxicillin 1191 7.9 757 5.9 1948 7.0
Amoxicillin-clavulanate 1595 10.6 830 6.5 2425 8.7
Macrolides 459 3.0 245 1.9 704 2.5
Quinolones 351 2.3 196 1.5 547 2.0
Cephalosporins 145 1.0 70 0.5 215 0.8
Others 281 1.8 155 1.2 436 1.5
Patients with antibiotic prescribing a 4178 27.7 2530 19.8 6708 24.1
Patients with no antibiotic prescribing 10 895 72.3 10 230 79.2 21 125 75.9
Total number of patients 15 073 100 12 760 100 27 833 100
 a The number of antibiotics prescribed add up to more than the number of patients because some patients 
received more than one antibiotic. 
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prescribing habits were not representative for all GPs 
in Spain, and this may have jeopardized the generaliz-
ability of the results. It is possible that the participating 
GPs were more prone to interventions aimed at behav-
iour change than their colleagues who did not partici-
pate. The associated comorbidity of the patients 
registered was not taken into account, which might 
have inﬂ uenced the percentage and the type of antibi-
otic used. Another limitation of the study was that the 
clinical outcomes of the diﬀ erent interventions were 
not taken into account and thus, data regarding whether 
the percentage of complications or clinical failure dif-
fered between groups was lacking. Although health 
outcomes were not measured, the registry sheet 
included the referral of patients to hospital. This was 
not a clinical trial, since GPs were not randomly assigned 
to the diﬀ erent levels of intervention, constituting 
another weakness of this study. However, the greatest 
strength of this study was the large number of 
physicians included. In addition, less than 10% of the 
professionals who carried out the ﬁ rst registry 
abandoned. Another strength of the study was the 
involvement of lead GPs who were experts and opinion 
leaders in infectious diseases. Leadership by local 
health professionals was crucial for coordinating the 
medical education in this study and supplying credible 
and high-quality educational materials was essential to 
ensure that the main messages of the guidelines were 
accepted as valid and relevant. 
patients with assumed pneumonia, GPs exposed to 
intensive intervention had a slightly higher adherence 
to recommendations of ﬁ rst-line antibiotics compared 
to GPs exposed to basic intervention. The intervention 
had a signiﬁ cant impact on the pattern on antibiotics 
prescribed in patients with suspected pneumonia. 
Macrolides were the most frequently used antibiotics 
among GPs exposed to basic intervention, accounting for 
27.6% of all antibiotics. However, in the group of GPs 
exposed to intensive intervention amoxicillin-clavulanate 
was the most prescribed antibiotic, with 36.9% of the 
cases and macrolides were only used in 8.1% patients in 
patients with suspected pneumonia. 
 DISCUSSION 
 Main fi ndings 
 This pragmatic study in primary care showed that a 
multifaceted intervention targeting GPs can improve 
adherence to recommendations for ﬁ rst-line antibiotic 
prescribing in patients with RTI. Intensive interventions 
that included point-of-care testing were more eﬀ ective 
than basic interventions only focusing on prescriber 
feedback, guidelines and training sessions. 
 Strengths and limitations 
 This study has some limitations. First, this was a study 
in which GPs participated voluntarily and probably their 
 Table 3. Type of antibiotics prescribed by the GPs participating related to the intensity of the intervention. 
Basic intervention Intensive intervention
Type of antibiotics Before After Before After Total
Penicillin V 27 (2.3) 61 (5.8) 161 (5.3) 248 (16.4) 497 (7.3)
Amoxicillin 356 (29.8) 365 (34.7) 835 (27.7) 392 (25.9) 1 948 (28.8)
Amoxicillin-clavulanate 488 (40.8) 313 (29.8) 1107 (36.7) 517 (34.2) 2425 (35.8)
Macrolides 115 (9.6) 116 (11.0) 344 (11.4) 129 (8.6) 704 (10.4)
Quinolones 111 (9.3) 72 (6.9) 240 (8.0) 124 (8.2) 547 (8.1)
Cephalosporins 34 (2.8) 20 (1.9) 111 (3.7) 50 (3.3) 215 (3.2)
Others 65 (5.4) 104 (9.9) 216 (7.2) 51 (3.4) 436 (6.4)
Total of antibiotics 1196 (100) 1051 (100) 3014 (100) 1511 (100) 6772 (100)
 Table 4. Percentage of prescription of ﬁ rst-line antibiotics to patients not allergic to  β -lactams with diﬀ erent respiratory tract infections before and 
after intervention (basic and intensive intervention). 
Basic intervention Intensive intervention
Diagnosis Before After Before After Total
Pharyngotonsillitis, % (95% CI) 6.7 (4.2 – 9.2) 17.2 (13.3 – 21.1) 16.3 (13.9 – 18.7) 53.5 (48.8 – 58.2) 22.6 (20.8 – 24.4)
Acute otitis media, % (95% CI) 18.0 (10.8 – 25.1) 38.9 (29.9 – 47.9) 21.2 (15.4 – 27.0) 39.8 (31.1 – 48.4) 28.5 (24.7 – 32.3)
Acute sinusitis, % (95% CI) 39.1 (29.1 – 49.1) 41.0 (30.4 – 51.6) 28.6 (22.9 – 34.3) 40.3 (23.7 – 47.9) 35.3 (31.4 – 39.2)
Exacerbations of CB/COPD, % (95% CI) 55.0 (47.5 – 62.5) 49.2 (40.4 – 58.0) 53.2 (48.0 – 58.3) 54.0 (47.6 – 60.4) 53.2 (49.9 – 56.4)
Pneumonia, % (95% CI) 26.4 (17.1 – 35.7) 27.3 (16.6 – 38.1) 23.9 (16.0 – 31.8) 37.8 (28.2 – 47.4) 28.8 (24.2 – 33.5)
All respiratory tract infections, % (95% CI) 23.8 (21.4 – 26.2) 29.4 (26.7 – 32.1) 26.2 (24.6 – 27.8) 48.6 (46.1 – 51.1) 31.6 (30.2 – 33.0)
 CB, chronic bronchitis; COPD, chronic obstructive pulmonary disease. 
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interventions that are easy to implement to improve 
physician prescribing habits. 
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